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A B S T R A C T
When recovered from ritual contexts at ancient Maya sites, obsidian blades are frequently viewed as blood-
letters used for auto-sacriﬁce. Most evidence supporting this interpretation is circumstantial and derives from
iconographic and ethnohistoric sources. Such a deductive approach does not provide a means to determine
whether individual blades were used to let blood. In contrast, microscopic use-wear analysis of lithic artifacts
can be used to examine blades for evidence of their use, and—provided comparative experimental data are
available—to determine if they were blood-letters. The technological and use-wear analyses of 48 obsidian
blades recovered from a Late Classic (c. 550–650 CE) dedicatory cache at the site of Pook's Hill, Belize, serve as a
test case to explore the relationship between obsidian blades and ancient Maya auto-sacriﬁcial blood-letting. The
results of the analyses indicate that some blades from the cache may have been used to let blood; however, not
all obsidian blades appear to have been used in the same way. The obsidian blood-letters recovered from the
cache were used in cutting, piercing, and piercing-twisting motions. Although some blades were used to let
blood, the edge and surface wear on most of the used obsidian blades are consistent with other functions,
including cutting meat/skin/fresh hide, cutting or sawing wood and dry hide, cutting or sawing other soft and
hard materials, and scraping hard materials. Clearly, not all blades from this ritual deposit were blood-letters,
which raises questions about the manner in which such a ritual deposit was formed and the nature of ritual
activity associated with caching behavior at Classic period Maya sites.
1. Introduction
Obsidian was an important resource for the ancient Maya in many
socio-economic, political, and ideological respects. This naturally oc-
curring volcanic glass was mined from the highlands of Guatemala and
Central Mexico and transported over hundreds of kilometers by land
and sea to its ﬁnal destinations. Sourcing data indicate that the obsidian
sources primarily exploited by the Maya varied in diﬀerent regions and
over time (e.g., Braswell, 2003; Golitko et al., 2012; Nelson, 1985; Rice,
1984). Once acquired, obsidian was chipped or ground into a variety of
tools, decorative objects, and ceremonial items. In particular, prismatic
blades were forced from polyhedral cores through indirect percussion
or pressure (Clark, 1988) to produce very sharp implements, well suited
for piercing and cutting. Obsidian blades and blade fragments have
been recovered by the thousands from domestic, non-domestic, and
ceremonial contexts at ancient Maya sites and were used by commoners
and elites alike for subsistence, crafting, warfare, and ritual activities of
many types (e.g., Aoyama, 1999, 2009, 2014; Lewenstein, 1987; Stemp,
2016a; Stemp and Awe, 2014; Stemp et al., 2013). In this paper, we
focus on the procurement and ritual use of obsidian blades. Our sample
of 46 blade fragments and two complete blades comes from Cache 4A-2
at Pook's Hill, Belize (Fig. 1). Results of microscopic use-wear analysis
indicate that some of the blades from this cache possess use-wear traces
consistent with blood-letting based on comparisons with experimental
tools. Nonetheless, the majority of blades possess use-wear consistent
with other domestic activities. This suggests a number of possibilities
for the procurement of the blades, the activities undertaken with them,
and the formation of the cache. Our results underscore that not all
blades recovered from caches were necessarily used directly in ritual
actions involving the formation of these types of deposits. Some blade
segments may have been brought to the cache for inclusion as ritual
objects from other locations where they were initially used.
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2. Blood sacriﬁce among the ancient Maya
Decades of research on iconography and epigraphy have helped to
reﬁne our understanding of the intangible world of the Classic Maya,
their beliefs and world-view (Helmke, 2012; Houston and Taube, 2000;
Houston et al., 2006; Stone and Zender, 2011; Schele and Miller, 1986).
We now know that for the ancient Maya blood was the substance that
contained ‘godliness’, the life-force that could be oﬀered to the gods as
sustenance (Houston and Stuart, 1996:292; Helmke, 2012:63–67). As a
means of ingratiation and placating the divine, as well as marking
important ritual events, the Maya oﬀered blood by various means of
sacriﬁce (Stone and Zender, 2011:75). The practice was even thought to
have divine precedent; deities were believed to have oﬀered blood in
the distant mythic past (see Thompson, 1961) (Fig. 2a). Blood-soaked
paper strips were placed in oﬀering bowls and set alight. Within the
smoke, Vision Serpents appeared. From the maws of these serpentine
entities, divinities and deiﬁed ancestors emerged with whom the oﬃ-
ciant would commune (Schele and Miller, 1986:177–179; Stuart, 1988)
(Fig. 2b). Detailed depictions of these rituals clearly show that the Maya
employed a variety of implements in blood-letting rituals, including
obsidian blades (Fig. 2c), sharpened bone awls or needles, stingray
spines, shark teeth, and agave thorns embedded in ropes. These were
used to cut or pierce the ears, lips, nostrils, tongue, arms, legs, or the
penis (Joralemon, 1974; see Tozzer, 1941 for Spanish Colonial ac-
counts). Both males and females were participants in blood-letting ri-
tuals (Schele and Miller, 1986:175–207), but males are most frequently
depicted in artwork. Men drawing blood from their penises are depicted
in several media, including modeled ceramic ﬁgurines, painted murals
and cylindrical vases, and carved lintels (e.g., Chase, 1991; Gann, 1918;
Joralemon, 1974; Schele and Miller, 1986; Stone, 1995; Stuart, 1984,
1988, 1996). Although it is clear that blood-letting was an integral part
of ancient Maya ritual practice, this aspect of Maya culture garnered
great attention in the 1970s and especially the 1980s. At that time,
scholars looked for hieroglyphic expressions associated with depictions
of blood-letting scenes (Joralemon, 1974; Stuart, 1984; Schele and
Miller, 1986). Such interpretations are now generally discounted and
there is no substantive epigraphic evidence for ancient Maya blood-
letting. Although this aspect of ritual practice now ﬁgures much less
prominently in academic literature, many researchers still assume that
obsidian blades found in ritual contexts were used to let blood (Stone
and Zender, 2011:73, Fig. 1).
3. Obsidian blades as blood-letters
The assumption that obsidian blades were used as blood-letters is
derived from iconographic, ethnohistoric, and contextual in-
formation—including the placement of blood-letters in the pelvic areas
of skeletal remains found within tombs. Nonetheless, the Maya used
blades for many purposes, and it is not easy to identify a particular
obsidian blade as a blood-letting implement. Results of previous use-
wear analyses demonstrate that obsidian blades were used by the an-
cient Maya for a wide variety of functions including food processing,
other domestic activities, craft-production, warfare, and, at times, ritual
practices (e.g., Aoyama, 1999, 2001, 2007, 2009; Lewenstein, 1987;
Peterson, 2006; Stemp, 2016a; Stemp and Awe, 2014; Stemp et al.,
2013). Both use-wear studies (Reents-Budet and MacLeod, 1997;
Aoyama, 1999, 2001, 2009, 2014; Stemp, 2016b, 2016c; Stemp and
Awe, 2014) and residue analysis have contributed to the study of an-
cient Maya blood-letting (Meissner and Rice 2015; Newman, 1993;
Potter, 1994; Sievert, 1992; see Stemp, 2016c).
3.1. Microscopic use-wear analysis and obsidian blades
In the past, archaeologists relied on contextual and form-function
interpretations to identify obsidian blades as blood-letters (e.g., Brady,
1989:324; MacLeod and Puleston, 1978:7; see Brady and Peterson,
2008:81; Sievert, 1992:34). Often the lack of edge damage on obsidian
blades, their general form, and their recovery from what are deemed to
be ritual contexts were used as the criteria for classiﬁcation as a blood-
letter or perforator (Coe, 1959:30; Kidder, 1947:15; Willey et al.,
Fig. 1. Map of Mesoamerica showing the location of Pook's Hill and other localities mentioned in the text. The inset map shows the location of sites in western Belize (map by Christophe
Helmke).
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1965:444–445). Some archaeologists have undertaken experiments to
replicate blood-letting by using animal tissue as a proxy medium for
cutting, piercing, and drilling human tissue with variable results (On-
line Supplement 1). For example, Clark (1988:245) reports that: “Al-
most no damage was noted on the blades used to pierce, cut, or drill
meat […] I had anticipated that a drilling motion would cause micro-
ﬂakes to spall oﬀ the ﬁne feather edges of the blades, but none did.”
Sievert (1992:71), on the other hand, describes such use-wear as “slight
rounding and ﬁne edge damage along the entire edge with blunting
along projecting edge portions. Polish developed along the proximal
portion of the cutting edge […] it incurred rather subtle changes to the
edge, including brightening, a bit more topographical coalescence, and
edge damage.” She also states that “bloodletting will show no contact
with bone” based on her experiments using chert tools (Sievert,
1992:76, Table 8.7). The level of magniﬁcation (10×) employed by
Clark was insuﬃcient to detect very small-scale surface modiﬁcation
and edge damage. The results reported by Sievert are due to the
duration of the experiment, which essentially demonstrated the use-
wear expected from cutting meat, skin, or fresh hide during an activity
more closely related to butchery than blood-letting (see Aoyama, 1999,
2009; Lewenstein, 1987; Stemp, 2001; Hurcombe, 1992). The com-
bined results of Stemp's (Stemp, 2016b, 2016c; Stemp and Awe, 2014;
Stemp et al., 2015) blood-letting experiments on chicken, cow, and pig
tissue produced use-wear of diﬀerent types based on varying tool mo-
tions (cutting, piercing, and piercing with rotation) that can be detected
at diﬀerent levels of magniﬁcation. These data are summarized in On-
line Supplement 2. The determination of other tool functions discussed
here are based on Stemp's (2016a: Online Supplement 1) experimental
data derived from ﬂakes and blades used for various subsistence and
crafting activities.
4. Maya caching practices
In the Maya lowlands, caches are generally deﬁned as one or more
objects that are found apart from burials and whose contexts suggest
that they were purposely deposited as an oﬀering (see also Coe,
1959:77). In contrast, deposits resembling caches that contain refuse or
human remains are designated as “problematic deposits” since they
straddle the otherwise neat division between caches and burials (see
Becker, 1993). Based on their context, caches are also described as
“being associated with dedicatory or termination rituals” (Awe,
1992:369). Dedicatory caches were intentionally deposited during the
erection of monuments (i.e., stelae or altars), or placed in the con-
struction core of a particular architectural feature or structure. Termi-
nation caches are oﬀerings that were intentionally deposited to mark
the cessation of use of an architectural feature, construction phase, or
Fig. 2. Ancient Maya depictions of blood-letting and
blood-letters: a) A mythic scene involving a trio of
deities, squatting over oﬀering bowls, about to impale
their male members to let blood (photograph by Justin
Kerr). b) Detail of a blood-letting scene wherein a fe-
male oﬃciant conjures a Vision Serpent that belches
forth an ancestral ﬁgure. Note the bowl braced by the
oﬃciant containing blood-spattered paper, a stingray
spine and a curved obsidian blade (photograph by
Christophe Helmke). c) A Classic Maya obsidian
blood-letter projecting from a personiﬁed haft, made
of perishable material, bound in cloth and topped by a
spray of feathers (drawing by Linda Schele).
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building. They are often discovered on ﬂoors or are intrusive into ar-
chitecture. Artifacts in termination caches are generally discovered in a
fragmented condition or perforated with “kill holes”, while most found
in dedicatory caches are complete, although ritually “killed” objects are
found in both types of caches. The Maya “killed” objects in order to
release the life-force contained within them, allowing these lifeless
objects to be deposited in a ritually signiﬁcant context. The breaking of
artifacts prior to their deposition in ritual contexts such as burials, ca-
ches, and caves is now a well-known practice and appears to have been
a pan-Mesoamerican feature of religious practice (e.g. Thompson,
1959:125; Garber, 1986; Reents-Budet, 1994:198; Helmke, 2012:67).
4.1. Caching practices in the Belize River Valley
Archaeological investigations in the Belize River Valley indicate
that both dedicatory and termination caching occurred from the end of
the Early Preclassic (e.g. at Cahal Pech [Awe, 1992] and Blackman
Eddy [Brown, 2003]) to the Late Postclassic and early Historic periods
(e.g. at Tipu [Graham, 2011:242–243]). Dedicatory and termination
caches can contain one or more objects. At Cahal Pech, for example, the
earliest Cunil Phase cache (ca. 1200–900 BCE) contained 27 obsidian
ﬂakes, 77 chert ﬂakes, a fragmented ceramic vessel, three pieces of
jadeite, and objects made from marine, freshwater and terrestrial an-
imal remains (Awe, 1992:339). In contrast, an early Historic period
cache in a cave along the Roaring Creek Valley contained a single
European sword (Awe and Helmke, 2015). The most common Middle to
Late Preclassic caches, however, contain perforated marine shell discs
and hand-modeled ﬁgurine fragments. Beginning in the Late Preclassic
and continuing into the early facet of the Late Classic period, ceramic
vessels were the predominant cache object in the Belize Valley (for
Barton Ramie see [Willey et al., 1965:89–90, 125]; for Caledonia [Awe,
1985]; and for Cahal Pech [Awe, 1992]). By the start of the Late Classic
period, chert and obsidian eccentrics replaced ceramics as the pre-
dominant cache objects, particularly in dedicatory oﬀerings. This is true
at Barton Ramie, San José, Xunantunich, Cahal Pech, and Baking Pot
(Awe, 1992; Conlon, 1995:38; Iannone and Conlon, 1993; Willey et al.,
1965:445–452; Sullivan, 2017; Thompson, 1939, 1940). For instance,
as part of recent excavations at Xunantunich, a dedicatory cache con-
taining nine obsidian eccentrics and marine shells (both bivalvia and
gastropoda) was discovered in proximity to the stela erected at the foot
of Str. A9 (Helmke and Awe, 2016:4) (Fig. 3). This pairing of objects of
obsidian with marine shell is of note because it duplicates character-
istics of Cache 4A-2 at Pook's Hill, which we examine here, as an of-
fering that conforms to the Late Classic ritual practices of the Belize
Valley caching tradition.
A unique obsidian eccentric from a ritual context was recovered
from the cave site of Actun Uayazba Kab, located 4.9 km south of Pook's
Hill in the Upper Roaring Creek Valley. This small eccentric is chipped
from a blade segment made of green Pachuca obsidian from Central
Mexico. This artifact possibly represents the glyph for k'ik', ‘blood’,
which may symbolically link it to blood-sacriﬁce in a subterranean
space (Stemp et al., 2012:118).
Prior to our analysis, at least one known cache with direct evidence
for blood-letting has been identiﬁed. Potter (1994) reports human
blood residue on a chert blade found in a Late Preclassic cache at Colha,
Belize. The cache also included four shell ornaments, two shell beads,
ten shark teeth, twelve jadeite beads, and some decayed organic ma-
terial. Beneath a ceramic vessel in the cache, a chert macrocore and a
rejected chert blade were found. The artifacts placed in the cache are
believed to reﬂect auto-sacriﬁce.
5. Pook's Hill, Belize
The archaeological site of Pook's Hill is located in rolling karstic
hills overlooking the fertile Roaring Creek Valley of west-central Belize.
The many house mounds documented in the area attest that the valley
was densely populated in the Classic period (Helmke et al., 2004).
Pook's Hill is an average-sized household group, known as a plazuela
(‘little plaza’ in Spanish), consisting of nine masonry platforms that
were topped in antiquity by perishable superstructures of wattle, daub
and palm thatch (Fig. 4). In all, the group occupies a surface area of
1106 m2, of which about a third is the plaza. The platforms range in
height from 0.8 to 2.9 m above the plaza. The principal structures, to
the north, west and south of the plazuela (i.e., Strs. 1A, 2A and 3A) all
appear to have served primarily domestic and residential functions. We
interpret Str. 1A as the residence of the head of the lineage or extended
family that resided at the site (Helmke, 2006a:69–81, 2006c:80–82).
Structure 1B served as a sweatbath (Helmke, 2006a:53–68,
2006c:78–80; Helmke and Awe, 2010) and Str. 1C was a residential
platform where minor craft activities were conducted. This interpreta-
tion is based on lithic evidence and the presence of fragmentary slate
mirror backings, hematite/pyrite tesseræ, and bark beaters (Helmke,
2006a:51–53; Stemp et al., 2010:222, 224, 230). To the east, the larger
Str. 4A is distinct for its architecture, resembling a diminutive temple or
shrine. The pattern of eastern shrines is typical of the area and is
commonly found throughout the eastern central lowlands (e.g., Chase
and Chase, 1994; Becker, 1999; Awe et al., in press). Whereas in-
humations are found at key locations throughout the plazuela, these
shrines were preferred loci for the interment of exalted members of the
lineage. The ritual function of such structures is corroborated by the
high number of burials and caches. We concentrate on Cache 4A-2 from
this structure.
Pook's Hill has been intensively investigated by archaeological ex-
cavations between 1999 and 2002 and again in 2005, with intervening
lab seasons. A total of 46 work weeks of survey and excavations have
been conducted at the site, exposing the terminal phase architecture,
trenching its most prominent structures and the plaza platform, and
consolidating the architecture for tourism (Fig. 5).
5.1. Cache 4A-2
Excavations of Str. 4A were conducted over several seasons. In
1999, our eﬀorts focused on conducting salvage excavations of Str. 4A,
which was bisected by a looters' trench. The looters exposed a crypt
built with capstones and masonry walls. The ceramic sherds and human
remains stacked at the mouth of the trench imply that it contained
multiple individuals and dates to the initial century of the Late Classic
period (the pottery was predominantly of the Tiger Run ceramic com-
plex; see Giﬀord, 1976:191–225) (Bassendale, 2000:Fig. 3; Helmke,
2000:309–310). Having cleared out the trench and documented the
Fig. 3. A cache of obsidian eccentrics and seashells discovered at the base of Structure A9
at Xunantunich, Belize (photograph by Kelsey Sullivan).
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exposed architecture in section drawings, we backﬁlled the structure.
Between 2000 and 2002, we cleared, documented and consolidated the
penultimate and terminal phases of architecture. We also recorded and
recovered peri-abandonment artefactual deposits along the base of Str.
4A (Helmke, 2003, 2006b). To document the architectural stratigraphy
of this building, we conducted excavations along its primary axis and
exposed the terminal stair, excavating it in its entirety and penetrating
through a sequence of three superimposed plaza ﬂoors until we reached
bedrock (on average 0.49 m below the last ﬂoor). In so doing, we en-
countered eight burials and two caches. Most burials contained few
funerary items and were primary interments of single individuals, all in
extended position and oriented with the head to the south, as is typical
of the area (e.g., Welsh, 1988). The one exception is Burial 4A-3, found
within the outset stair of the ﬁnal construction phase. It contained the
remains of at least seven individuals (designated Indv. A–G) interred
with a series of objects including several Terminal Classic ceramic
vessels, such as a pyriform vase, a tripod vase, a fragmentary censer, a
molded-carved vase, two exhausted obsidian cores, fragmentary ob-
sidian prismatic blades, a granite sphere, an olivella shell pendant, a
square jadeite inlay and a pyrite tessera (see Helmke, 2003:122,
2006b:179–180).
In addition to burials, there were two caches. Both can be described
as dedicatory in that they served to ritually initiate a construction phase
being inclusive into the architectural core of plaza ﬂoors at the foot of
the eastern shrine. The earlier of the two is Cache 4A-1 (Stratigraphic
Unit 49), which consisted of three red and orange ware dishes with
medial ridges, a modal trait dating to the initial facet of the Late Classic
(c. 550–650 CE) (see Giﬀord, 1976:193–195, 182; Helmke et al., 2001:
Fig. 17, 368–371; Helmke, 2006b:180). Based on orientation and con-
text these appear to have been placed lip-to-lip as is typical for such
votive oﬀerings.
The second cache, designated Cache 4A-2 (SU 244), was found in-
clusively in the core of Floor 3, in perfect alignment with the primary
axis of the eastern shrine. It consists largely of an accumulation of
charcoal and carbonized organic residue, measuring 26.5 cm E–W by
25.2 cm N–S, and is as much as 3 cm thick (Helmke, 2006b:180–181)
(Fig. 6). The carbonized residue is probably from pine or incense such
as copal (made from the resin of Protium copal), whereas the charcoal is
entirely of pine wood (Pinus sp.) (Morehart, 2007: Table 1; see
Morehart, 2001). Although the particular species has not been identi-
ﬁed it is possible that the wood was Caribbean Pine (Pinus caribaea) or
another endemic species. Mixed in among the carbon were three
ceramic sherds showing signs of exposure to ﬁre (Fig. 7). One, a rim
sherd, is identiﬁed as Garbutt Creek Red (Giﬀord, 1976:230–233) and,
although typically identiﬁed as a Late Classic type, based on the angle
of the rim it dates to the early facet of the Late Classic period (i.e.,
550–650) (see LeCount, 1996:146–150). As such, the diagnostic sherd
may help to date the deposit, assuming that it was a deliberate inclu-
sion, or alternatively serves as a post quem date if the inclusion is in-
cidental. Forty-eight obsidian prismatic blades and blade fragments
were deposited across the surface of the heap of charcoal and burned
residue. Based on their placement, the blades were added as one of the
ﬁnal ritual acts that formed the deposit. Since none have been aﬀected
by heat (see Nakazawa, 2002), as might have been the case if deposited
directly atop burning embers (see Chase and Chase, 2011:10–11,
Fig. 5), we surmise that the cinders cooled prior to the deposition of the
Fig. 4. Plan of the archaeological site of Pook's Hill, showing the
structures mentioned in the text as well as the location of Cache
4A-2 (plan by Christophe Helmke).
Fig. 5. A panoramic view of the Pook's Hill plazuela as
consolidated at the end of the 2005 season, as seen
from the summit of Str. 4A. The structures to the left
are those deﬁning the western end of the plazuela, and
those to the right, the northern side (composite pho-
tograph by Christophe Helmke).
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obsidian blades. Another item included in the cache is a shell ornament
in the form of a star with six pointed rays. Two of the rays were broken
oﬀ prior to deposition (and these were not recovered from the cache
matrix) suggesting that this object was ritually “killed” prior to de-
position. Similarly, all but two of the blades were snapped into at least
three segments or more and many are missing their proximal or distal
ends (Fig. 8).
6. Typological, attribute, metric, and source analyses of Cache 4A-
2 obsidian
In 2005, we analyzed a total of 496 obsidian artifacts from Pook's
Hill, recovered from all contexts throughout the site. Our studies in-
cluded typological, attribute, and visual sourcing analyses. The latter
was conducted because, at the time, portable XRF was uncommon. In
addition, we recorded basic metric attributes for each piece. The 48
obsidian artifacts from Cache 4A-2, therefore, can be compared to the
Pook's Hill collection as a whole. Online Supplement 3 provides the
data for the artifacts in the cache.
6.1. Typological and non-metric attribute analyses
6.1.1. The Pook’s Hill collection (N = 496)
All obsidian artifacts were given provisional source assignments
based on visual characteristics. Visual sourcing is—and should be—a
controversial technique, but when conducted by trained analysts using
a good reference collection, and in partnership with an informed sam-
pling strategy for chemical assay, it can be quite accurate (e.g., Braswell
and Glascock, 2011:121–123; Braswell et al., 2000).
The goal of the initial analysis (Braswell, 2007) was to source as
accurately as possible the entire Pook's Hill collection, as well as to
identify visual outliers suitable for neutron activation analysis. Fully
469 (95%) of the obsidian artifacts were tentatively assigned to the El
Chayal source, 17 (3%) to Ixtepeque, ﬁve (1%) to the “Mexican black”
sources (Ucareo, Zaragoza, or possibly Otumba and Zacualtipan), two
to Pachuca, two to San Martin Jilotepeque, and one was labeled as
“Unknown.” The presence of Pachuca and Mexican black obsidian with
pecked-and-ground platforms demonstrates occupation well into the
Terminal Classic, but the collection is dominated by obsidian from the
El Chayal source. This, and the large number of whole prismatic blades
and fragments (N = 374), as well as exhausted polyhedral cores and
core fragments, strongly imply that the collection mostly dates to the
Late Preclassic through Late Classic periods. Every obsidian artifact
from Cache 4A-2 was assigned to the El Chayal source based on visual
criteria, consistent with the Late Classic date proposed for the context.
No obsidian artifact in the entire collection from Pook's Hill shows
Fig. 6. Cache 4A-2 as exposed under raking light (photograph by Christophe Helmke).
Fig. 7. Plan of Cache 4A-2, with obsidian blades
numbered. Note the shell adorno and the ceramic in-
clusions (plan by Christophe Helmke).
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evidence of retouch. Moreover, no thinning ﬂakes (a debitage class) are
found in the collection. We therefore have no indication of the pro-
duction or consumption of obsidian unifaces, bifaces, or other re-
touched artifacts at Pook's Hill. Flakes and chunks are relatively
common, but these were produced by free-hand or bipolar percussion,
mostly as a way to recycle exhausted polyhedral cores.
All of the blades and fragments in the collection are classiﬁed as
ﬁnal series blades. That is, they are not from the ﬁrst or second ring of
pressure blades removed from a large polyhedral core. Consistent with
this, not one of the prismatic blades and fragments recovered from the
site has any cortex on its dorsal surface. Only seven artifacts (1.4%) of
the entire collection have any trace of cortex. Six of these are ﬂakes and
one artifact is a chunk; three of these come from the distal extremes of
polyhedral cores, the very last part of a core to retain some cortex. All
these data suggest that polyhedral cores reached Pook's Hill in an al-
ready reduced state.
6.1.2. Obsidian from Cache 4A-2 (N = 48)
All the obsidian artifacts in the cache are prismatic blades (Fig. 8).
Two of these are complete. Seventeen are proximal, 20 are medial, and
Fig. 8. Drawing of a selection of obsidian blades and
blade fragments from Cache 4A-2. Numerical desig-
nations correspond to those attributed to them in the
plan (Fig. 7) (drawings by Christophe Helmke).
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9 are distal fragments. Assuming that the fragments are representative
of whole blades that have been snapped, a typical blade was broken
into just three and sometimes into four segments. Nonetheless, neither
Braswell nor Stemp have identiﬁed any reﬁts. We therefore conclude
that the blades were snapped before the cache was created.
There are more proximal than distal fragments in the cache. This is
typical for most contexts that reﬂect consumption rather than produc-
tion. Distal sections often feather to a point and are easily broken.
Moreover, because of the bullet shape of most cores, they are often
curved. For these reasons, the distal extremes of prismatic blades were
not favored for use in composite tools, and most often were broken oﬀ
and discarded. An important exception is the obsidian perforator used
for blood-letting. These have feathered terminations that end in a point,
ideally without much curvature. Nonetheless, not all blades with this
characteristic were blood-letters. Form limits, but does not determine,
function.
6.1.2.1. Complete blades. It is uncommon to encounter many whole
blades for the same reasons that most distal fragments were discarded.
Whole blades could be perforators, or were deliberately made to correct
an error on the surface of the core, or were made in error. In the case of
the two examples from Cache 4A-2, their slender points suggest they
could be perforators. Moreover, they are the second and third longest
whole blades (out of nine total) in the entire collection from Pook's Hill;
most of the other six complete examples are half the length of the
blades from the cache. Nonetheless, these two complete prismatic
blades lack retouched notches just beneath the bulb of percussion.
Such notches were commonly used to haft perforators at many Maya
sites. For this reason, use-wear analysis may clarify an ambiguous
functional classiﬁcation made based on morphology.
6.1.2.2. Proximal fragments. During the Late Preclassic, Early Classic,
and Late Classic periods, core platforms were either left unmodiﬁed or,
more frequently in the Maya region, scratched. Complete cores often
have a scratched ring around the outer edge of the platform. Scratching
was achieved either with a sharp graver or by abrading the edge of the
core on a rough surface. The latter also served to remove platform
overhang. Another common platform modiﬁcation technique is pecking
and grinding. Unlike scratching and abrasion, which were performed
throughout the production process, pecking and grinding took place all
at once before reducing the core or as a step in core rejuvenation. Light
platform abrasion can be confused with pecking and grinding, but the
latter is much heavier and produces a white, rough surface. Pecking and
grinding began as a technique in Central Mexico during the Epiclassic
period, spread to the Maya area in the Terminal Classic, and became
dominant during the Postclassic period (Braswell and Glascock,
2011:126, Fig. 10.7). Fourteen of the 19 platforms (74%) on the
whole and proximal fragments show signs of light scratching. Two
more are plain platforms; ﬁnally, three have platforms that are too
small to evaluate. Overall, the technology is consistent with production
before the Terminal Classic period.
6.1.2.3. Medial and distal fragments. Segments from the middle of
prismatic blades are the most common obsidian artifact found at all
Classic Maya sites. Because of their regular shape and thickness, they
were prized for composite and simple tools. Because they lack
platforms, bulbs of percussion, and (distal) terminations, they are not
particularly useful to the analyst.
Eight of the nine distal fragments end in tapered, sharp points.
These are consistent with a tentative functional identiﬁcation as per-
forators. Like the whole blades, they lack the notches that are often
found on hafted perforators.
6.2. Metric analysis
The length (from proximal-most point to distal-most, following
curves of force), width (maximum distance perpendicular to length and
parallel to the ventral surface), thickness (maximum distance perpen-
dicular to the ventral surface), total cutting edge, and mass of each
artifact were measured. The cutting edge to mass ratio was calculated
from these data for all blades. Online Supplement 3 presents these data
for the 46 fragments and two complete blades in Cache 4A-2.
6.2.1. Comparing blades from Cache 4A-2 to others from Pook’s Hill
The sample size (N = 2) of whole blades from the cache is woefully
small, and that for the rest of the collection (N = 7) is not much better.
Nonetheless, it is noteworthy that two of the three longest blades in the
entire collection come from Cache 4A-2. The chances of this happening
as a random occurrence are just 1 in 12, or about 8%. It is also possible
to compare the interrelationship of four independent variables: length,
width, thickness, and mass (cutting edge is not considered as an in-
dependent variable because it is closely related to length). This com-
parison reveals at a greater than 99% conﬁdence level that the two
samples are not drawn from the same distribution. Overall, the com-
plete blades from the cache are much longer (mean = 77.1 mm versus
46.8 mm) yet have about the same mass (mean = 1.0 g versus 1.4 g).
This is because the whole blades from the cache are somewhat less wide
(mean = 8.1 mm versus 11.7 mm) and thinner (mean = 2.3 mm versus
3.0 mm). In sum, the two complete blades from the cache (as well as a
single outlier from the rest of the collection) appear to be thin, long,
and delicate, while six of the remaining complete blades are com-
paratively stubby, wide, and thick. This diﬀerence in form suggests a
diﬀerent reason for their production. Perhaps the long, thin blades were
intended either to be perforators or to be snapped into segments, while
the shorter and thicker blades were errors of production or correction
blades.
Unlike the whole blades in the cache, the fragments are generally
about the same length as those in the collection as a whole. For ex-
ample, the median length of the 20 cached medial fragments (19.5 mm,
standard deviation = 6.5 mm) is not distinguishable from that of all
(N = 128) medial blade fragments recovered from Pook's Hill
(mean = 19.9 mm, standard deviation = 7.4 mm). This is also true for
proximal and distal fragments. This suggests that the snapped blade
fragments were not chosen for the cache because of their length.
Nonetheless, proximal, medial, and distal fragments from the cache
are all signiﬁcantly less wide, less thick, and less massive than those
from the collection as a whole. Together, the probability that the cache
sample shares the same distribution for these variables as the collection
as a whole is less than 1%. In other words, the whole blades in the cache
are longer and more delicate than their counterparts in the general
collection, and the blade fragments in the cache (although just as long
as their counterparts in the entire sample) are also more delicate.
These metric diﬀerences suggest design; the blades in the cache
seem to have been chosen for their morphology. If form follows func-
tion, we can conclude that the blades in the cache were used for a
diﬀerent purpose than those recovered from other contexts. Moreover,
their function can be accomplished by lighter rather than heavier
blades. One of these functions might be bloodletting.
6.3. Conclusions of typological and attribute analyses
The two complete and 46 fragments of prismatic blades found
within Cache 4A-2 come from El Chayal, a source consistent with the
Late Preclassic through Late Classic periods in the Belize River Valley
and much of the Maya lowlands. Moreover, the blades were made ac-
cording to the technology of that period. Speciﬁcally, they do not date
to the Terminal Classic or Postclassic periods. The two complete blades
and at least eight of the nine distal fragments have pointed, sharp ter-
minations consistent with blood-letters. The blades and fragments from
the cache are considerably ﬁner than their counterparts from the rest of
the site, also consistent with a more delicate use than those from the
rest of the site. Among the possibilities is ritual bloodletting.
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Nonetheless, these artifacts all lack the characteristic notching below
the bulb that is found on many suspected perforators from the Maya
area. Detailed use-wear analysis is therefore needed to support a
functional assessment based on morphological diﬀerence. The complete
lack of any evidence of retouch on obsidian artifacts from Pook's
Hill—implying that obsidian unifaces and bifaces were neither made
nor used at the site—may explain the lack of notching.
7. Microscopic use-wear analysis
7.1. Cleaning
Cleaning of the obsidian blades from the Pook's Hill cache followed
the same protocols used for the experimental blades (see Stemp, 2016b,
2016c). Prior to microscopic examination, each artifact was washed in a
warm, liquid detergent solution and then rinsed in warm water. After
rinsing, the artifacts were placed in a warm solution of 15% hydro-
chloric acid (HCl) for a period of 15 min. They were removed from the
solution, rinsed in cold water, and then placed in another room-tem-
perature solution of 20% sodium hydroxide (NaOH) for 15 min. The
blades were removed and rinsed again in cold water and left to air dry.
7.2. Equipment
A Unitron MS-2BD metallurgical microscope was used to locate and
identify use-wear features at both low- and high-power (40×, 100×,
200×, 400×) magniﬁcation with bright- and dark-ﬁeld illumination.
Photomicrographs of the tools were taken using a Steindorﬀ DCM 130
(1.3 MPX) digital microscope camera mounted onto the microscope.
The analysis included observation and documentation of edge-damage
(microﬂaking), striations, surface abrasion, and surface polish on the
obsidian artifacts. Used areas on the tools were recorded using an in-
dependent use-zone (IUZ) method in keeping with Aoyama's (1999,
2009) approach.
8. Results of use-wear analysis of obsidian blades from Cache 4A-2
The use-wear data indicate that 38 (79.2%) of the 48 obsidian
blades and segments recovered from Cache 4A-2 possess evidence of
having been used. Most blades and segments (30 of 38 or 78.9%) only
had one IUZ; either on the blade tip or one edge. Overall, the results of
the use-wear analysis reveal that 11 (28.9%) of the 38 used blades,
which represent roughly a quarter of the IUZs, exhibit wear that is
consistent with that observed in the replicative blood-letting experi-
ments (see Stemp, 2016b, 2016c; Stemp et al., 2015; Online
Supplement 2) involving a short-term cutting or piercing motion on
animal tissue (Fig. 9). Of these, cutting is only represented by a single
IUZ on one medial blade segment edge (2.2%) (Figs. 8-31, 10a), three
blade tips possess IUZs consistent with piercing (6.5%) (Figs. 8-2, -37,
10b), and six blade tips and one distal segment possess IUZs consistent
with piecing and twisting (15.2%) (Figs. 8-1, -3, -6, -14, 10c–f). The
other used blades and blade segments were employed for diﬀerent
tasks, including cutting meat, skin, or fresh hide (N = 12 IUZs) (Figs. 8-
9, -11, -14, -39, 11b), cutting/sawing wood (N = 4 IUZs) (Figs. 8-5,
11c), cutting/sawing dry hide (N = 2 IUZs) (Figs. 8-20, 11d), and
working soft (N = 3 IUZs) or hard contact materials (N = 2 IUZs)
(Fig. 11a) whose speciﬁc types cannot be identiﬁed based on existing
wear patterns. The use-wear associated with the IUZs identiﬁed as
cutting meat, skin or fresh hide was deemed too well-developed to have
resulted from auto-sacriﬁcial blood-letting due to the quantity of edge
microﬂaking, the number of short striations, and minimal amounts of
weak and fairly smooth polish near the edges of the blades. Minimal
surface pitting was sometimes observed near the edges as well. It is
more likely that this better developed wear resulted from more pro-
longed use that was the result of butchery or feasting (Aoyama, 2001;
Hurcombe, 1992; Stemp and Awe, 2014; see Chase, 1991; MacLeod and
Puleston, 1978; Owen, 2005; Pohl, 1983; Tozzer, 1941) – although, it is
important to note that contact with bone was not observed on these
blade fragments. The remaining IUZs (N = 10 or 21.7%) on the ob-
sidian blade segments were diﬃcult to interpret due to post-deposi-
tional damage on the edges and surfaces of these artifacts (Fig. 8-24,
-39). The best that can be said is that they possess some evidence of
having been used, but speciﬁc motions and/or contact materials cannot
be conﬁdently assigned to them. In a few instances, there is microwear
that suggests blood-letters may be included among the used blades
classiﬁed as indeterminate in terms of function; as such, there may have
been more obsidian blood-letters in the cache than can be reliably
identiﬁed. It is important to note that the blade segments with no use-
wear traces may have originally been parts of blades that had been
used. When the blades were snapped into pieces post-use, the segment
with no use-related wear may have been included in the cache, but the
used portion was not.
9. Discussion
Based on the results of the technological and use-wear analyses,
there is evidence that less than a third of the blades recovered from the
cache in Structure 4A were used in a fashion that is consistent with
experimental blood-letters (Stemp, 2016b, 2016c; Stemp et al., 2015).
It is also clear that not all blades were used as blood-letters and that
Fig. 9. Percentages of use-wear types on obsidian blades from
Cache 4A-2 divided by independent use-zones (IUZs) (chart by
W. James Stemp and Christophe Helmke).
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some blades were used for other tasks involving cutting and scraping of
meat, skin or fresh hide, dry hide, and wood, in addition to other
unidentiﬁable functions. Thus, metric and morphological studies are
not suﬃcient on their own to determine function; a blade may look like
a blood-letter but could be used for other purposes. Nonetheless, the
fact that the blades and fragments in the cache are signiﬁcantly ﬁner
than their counterparts recovered elsewhere at the site does suggest
that they were deliberately chosen for use in ritual caching because of
their morphology.
Although we can conﬁrm that blood-letting was one of the ritual
activities involved in the formation of Cache 4A-2 at Pook's Hill during
the Late Classic period, we cannot say if it was performed at or near the
cache itself, as part of the very formation of the deposit, or somewhere
else as part of another ritual, before the blades were deposited there.
That the blades do not form part of a uniﬁed set is also suggested by the
fact that they cannot be reﬁtted. These data tell us that, in the absence
of use-wear or residue analysis, it cannot be known if rituals involving
blood-letting occurred in association with caches containing obsidian
blades at other Maya sites. Nonetheless, this study highlights the pos-
sibility that blood-letting was indeed an integral part of some ancient
Maya caching rituals, especially those connected with the deposition of
lithic artifacts.
It is possible that some obsidian blades previously used for activities
not directly associated with the cache were subsequently included as
oﬀerings or sacra (see Brown, 2000, 2005). Support for this is derived
from some blades that were snapped after use because wear features
along their edges (i.e., microﬂake scars, striations) appear to have ex-
tended beyond the end breaks. The ritual deposition of such obsidian
blades in the cache could support a number of other interpretations
(Parry, 2014:300). Were most blades used for other ritual activities,
involving other materials such as wood, meat, skin, fresh hide, or dry
hide, at or near the cache? Were some blades ﬁrst used for other, per-
haps more mundane, domestic activities away from the cache only to be
subsequently brought to it for inclusion as oﬀerings of another sort
(e.g., Lucero, 2010; Walker and Lucero, 2000)? Maybe the fragments
included in the cache are thin and delicate because they were not of
optimal size for use in daily activities. Although use-wear analysis can
determine which blades were used for blood-letting, it cannot provide
us with clues concerning whether the blood-letting was deﬁnitively
auto-sacriﬁcial, nor when, where, or on which occasion such activities
occurred. What can be said is that: (1) blades and segments possessing
use-wear consistent with cutting and piercing soft tissue for very short
periods of time (i.e., blood-letting) were among the obsidian artifacts
included in the cache; (2) whole blades and the distal pointed ends of
blades possess the most use-wear evidence for blood-letting; and (3) it is
not only the distal ends of the thinnest blades that possess use-wear
consistent with blood-letting. One ﬁnal observation based on techno-
logical and microscopic analyses concerns the bending fractures on the
ends of some of the blade fragments (Figs. 8-39, 11e–f). Although ob-
sidian blades from many Maya sites were snapped into segments to
Fig. 10. Photomicrographs of microwear consistent
with blood-letting on obsidian blades recovered from
Cache 4A-2: a) Blade 31 - cutting (400×) based on the
micropitting of the stress ﬁssures and the striations
[both indicated by arrows] resulting from the micro-
ﬂakes detached from the stress ﬁssure margins; b)
Blade 2 - piercing with some post-depositional edge
damage [top] (40×) based on the burination/snap
fracture extending from the tip [indicated by arrow]
and lack of microﬂaking on the lateral margins near
the tip; c) Blade 3 - piercing and twisting (100×)
based on the bending fractures on the tip and the
microﬂaking extending from the tip along both lateral
margins [both indicated by arrows]; d) Blade 6 -
piercing and twisting (100×) based on the cone-like
fracture with mild hinge termination of the tip and the
microﬂaking extending from the tip along both lateral
margins [indicated by arrows]; e) Blade 30 - piercing
and twisting (100×) based on the microﬂaking of the
lateral margin further up from the tip and the multiple
striations perpendicular to the edge resulting from the
detachment of microﬂakes from the edge [both in-
dicated by arrows]; f) Blade 1 - piercing and twisting
(40×) based on the snap fracture of the tip (not
shown) and the microﬂaking of both lateral margins
further up from the tip and the ﬁne striations per-
pendicular to the edges resulting from the detachment
of microﬂakes from the edges [both indicated by ar-
rows] (photomicrographs by W. James Stemp).
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produce smaller, regular pieces for technological reasons, some ar-
chaeologists (Reents-Budet and MacLeod, 1997:64; see Brady and
Peterson, 2008:89) have suggested that blade segments recovered from
cave contexts were deliberately snapped to ritually “kill” the objects
(see above).
10. Conclusion
Auto-sacriﬁcial blood-letting represented one way in which the
ancient Maya could petition the supernatural entities for assistance in
an unpredictable and sometimes chaotic world. It also provided a
means by which Maya leaders could perform rituals to generate au-
thority or demonstrate power over people, places, and resources in
order to legitimize their identities as ritual specialists who ensured the
survival and success of the masses (McAnany, 2008; Wells, 2006; see
Geertz, 1977). In a world where everything was essentially created and
controlled by supernatural forces, access to and dialogue with the su-
pernatural—available to some, but not all—through ritual practices
became an essential component of the structural organization of class-
based society (McAnany, 2008; Wolf, 1990).
What technological and use-wear analyses oﬀer archaeologists
studying artifacts recovered from ritual contexts is the ability to identify
obsidian blades actually used for blood-letting. In so doing, this permits
a more accurate reconstruction of past Maya activities in association
with caches and other ritual locations. To better understand the
frequency of blood-letting using obsidian blades, more technological
and use-wear analyses of these artifacts from ritual contexts is necessary
(see Stemp and Awe, 2014). With enough information, it may be pos-
sible to understand blood-letting throughout a region and over time.
This could allow us to evaluate change in ritual practice in response to
major climatic events like droughts (Zender, 2004) or important cul-
tural factors such as the calendar (Chase, 1991).
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jasrep.2017.07.011.
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